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(57) Abstract: 



PURPOSE: To provide a piezoelectric/electrostnctive 
film element and its advantageous manufactunng method 
whereby the strain and stress ,n .ts P'^oelectnc/ 
electros'trictive operation part can be changed 
efficiently into displacements and the reduct^n 
percentages of the displacements in te«eof the 
concurrent operations of a P> ural ^ of 
piezoelectric/electrostrictive operation parts can be 

made small. 

CONSTITUTION: A piezoelectric/electrostrictive film 
element has a ceramic base body 2 wherein a diaphragm 
oart 10 is so provided as to cover a window part 6 and 
T has a film-like piezoelectric/electrostnctive 
operation part 18 provided in the diaphragm part 10 
wMch comprises a lower electrode 12, a 
electrostrictive layer 14 and an upper electrode 16. In 
this piezoelectric/ electrostrictive film element tt>e 
shape of the diaphragm part 10 is made protrus ve 
outward. Also, in the case of .manufacturing such 
Diezoelectric/ electrostrictive film element, the 
ceramic base body 2 whose diaphragm part 10 is made 
protrusive outward is prepared, and its outside surface 
at least the lower electrode 12 and the 
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[#fFfflt3ft©*&ffl] 

[If** 1 1 < ^ *> — a©****"*"* fc *^ 

»a*m^©5%&Tfc$ftTv*5«f**ifc«*«> 

[fff*g(4] IMW-f^^AW©**^ 5 0 Mm 
„ m«Ttfc5f*9 1 #MI»*>S4 ©MUM:**© 

/usiBasiw-. 

ItrtE-fe It * y * - Y 7 ? 

[3j§K©l¥*Bfti&W] 



[0 0 0 1] 

K7-fH-. f-f^W, ^f*^ 



s^/wdpjc**, HPfc*W«fc*tt> 

■f 5t>©"?#>30 

[0 0 0 2] 

$ * n ^©^-y«-C3tK*^t««r»*"*« tt 

as^f a S ft 5 J: 5 o r S TT*s 9 > =- 2> *> © 
i: u-c. 3tR«^©ff«W(-«#^tl^ fc,l§icfii 

^©giftfcaifliufc*^**' t^**-**** 

[0 0 0 3] r.©fc«K #j^tBH At- $fct-> 
#P3P3-1 2 8 6 8 1# j ^#W 5 P5-4 9 2 7 0^ 

iu-c, #«©ffl3fc«t»ai!ifflv^fen»5, 

it. icffm/mswai^tt^ fct-o©«« 

30 t*«* t EEm/s^i * k ©»*£■&** 
iaiffi^tt©T : }'^-*-^-efcsi* , - ® vs 

[ooo4] jj^sffiw/msBaa*^ 

»rt©^-f^79^SWtt©l"l«t« s *^" e * < ' * 

fc»»tt3ft*a s tt< - ^©fcftKB'fraaii***^* < - 

50 m® ^^sjim/msK^^o^tt^ 
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#M¥8-5 1 2 4 1 



[0 0 0 5] *©J: JftffW/WS^^ 1 * 

©g^at^, w&n./nmm (ffin/mstffit^) 

J: ^ ***** 

[0 0 0 6] ^^WfcfcttST*^**- 
*l»#*fc:*s^-CH:* BBS©*? 5 y ^ S<D 

|ELfcffi«/«36JB©«*fc*^ w° wt77 

r, *nfe©*tt**® T * u ** ;:kfc **** e> " c * > 

[0 0 0 7] 

*icb-c*s*tfct©-e*>^ *nmMmt-rzt 
•cfe] ^^©laiifcBW-iK^®^^***** 

[0 0 0 9] 

fltilB-fe ? 5 y * *#fc*5 It 3 ^ * ? 9 
*5»*fe*U *.&»tt©*iiUfc*neiWK©ffi«/ 

[0 0 10] **s, r©J:5fc#3i§Wfc:f£5ffi«/«£ 



Hre**©**?****^^^*^^* 1 ' 5 
[0 0 11] ^^©m©»*^ v ^^ (c ' }:H 

A «j©ffSH:, 5 0/imHTfcSi'U 

io * °o o i 2 ] * *>mn/naam** 

©#* LV>fS«©— ^cJfrU^ IME*9 5 y ^Stttt 
aBHfc©ffi*/«£ft I *>* i 

«/*si^5ii*©»5a#ifc**>» *©niifci-3*>«> 

[0 0 14] 

sjtfc^-f-Y7?AaBit©^ffi-t^ wmfmiz-xox 

Kit bHfc^©ff«/«^^«'^^* i "* ffiS/W ^ 

«:*?s«fcftu *©*MB±Kass«©ffm/«sfWi« 

40 *»**U»fct©-e*5^ %<D£?ft*ftW<ott4!i 

[0015] tm, ^e>©Hfc*5v^r. t75? 

?g#:2l*, gfJfefcSS ©}£»©*« 6 **f**J*# 
tbT©^W^^-^7°^-^ 4i ^ ^©-*^® 

7 A* 8 ©tfllE^- ^ ^ b 4 it * *» 6 tc-tftg 

50 -ri«^ y^f^9A*B(fciofc^rv^©-e«> 
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1$K!¥8-5 12 4 1 
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£ 0 ZLX. i»St©t5 5?^S#2 0^t77 
A«10C«iW. *fr*ft»WHK©T»m« l 

^m^x^mmmm^^x. m^omn/ns. 

gp®«l 2RXf±t$nMi efctt, &<*ae>*vrv^<fc 
10 0 16] «o-C, 5 fc*Jft©ff «/*2*S! 

©isu^ i6BK. u-ca****** 3 

f>*tS£:. *©*5*«JM:iS<5<*-*«>«*W fiS 
J5wP?»HS*u roWHRfiS*©****^ 

s> 2 Wt77^«10) ©ffiffitcSigft* 

[0 0 17] *»a»4ff«/«3gRffl*^l=*5 

fc&©£ffc®T*«:8b*W«::/h£ < &U§fc©-T?#>So 
[0 0 18] -rfc*>*>. BI3t!i^$*u5iP<» ±»-ta^ 
5^©^ ^7 9 ASMS 1 OO^-St-^^^ff® 
8©lg«)icJ;o-C, ^©^fc>?ftl*> 

B^ft) lUiXT:, ^t77«10tll *©2£ 

<, isnfiu-cWBibfcii^KitL-c, *tt*©SMb*'> 
«<*l#*<dt?*>*. i^*>> Wr7?&mtio 

1 o^mffifcfikVXAZZ.tfrb. ^©£5^1^ 

e, je* K»-*-4««W3we»-« i H' fc *>©&*>**© 



* 6 *MR 1 JSfiW * © *> 3 - 

[ooi9l^ r©ffi«/«ss«a*^^J8^t:, 

*9 5 s/ ^S#:2{c*5(t'5^§P6©4"L^fflS*fe"+* 
(m) fc»i-S^-f^79AiaSffiCl0©«f*»#iff®* 

io fflLt (h) , am^tf***^* < h > 

fc-C«Ufc&fflU* (y= (h/m) X 1 0 0] #50 
%WT C (h/m) XI 0OS5) ktStiZZkbtt 



[0 0 2 0] *fc, r©±5**»W«-tt5ff«/«S 

«©*m* s as^38*i'" c ffi v ^ 11 *** s ' * 

5^^Xtfi;h,&©^tt^#^fcE v ' bi1 '» * 
»e*»Sit6#»!l I l l 5-2 7 0 9 1 

n^-cw e>a*: utft*. iwt-r y b v * *#©<&£■ 
**«dii*l»-c\ tsfttaa 1 ^^ ^je**' «b<i4 

6l±©j»ft«*»e>ft*Jftfti:i"*-i:^ *MH6?StflsS 
©Wfcfr»*r5*»e>"'?*>*. *i8. ir?5?'^S#:2 

^^i@ : ^JS^)px#©#«^Pxfe?^fflv^-c, &gB6 

o) ^^-^s^v^y-^^-^^^^ 

mat. -mt-r^^t^xox^m-r^^tiK iss 

vvft«tt©vai*»b»*^\ JEr©i54*95y 
^Sff2©ffi«/«^#»gl51 8*»«SiT'*^^ 7 

40 «t 9 > 5 v m^T, b < tt 2 it m»T©^A 

>f^7 5AaWStl O^jstt^ffit^t UTtt, *T-©*38 

T. ffJUttSO/imaT. J;')»*b<l41 5^m 

[0021] sf>e, a»a»6'<-^^v-b4 J ^^^ 

«tt©^- M«^©*ia'&i3*»t *or»*fSw 1 1> 
50 6 ©7^ *«i-ntf ^ +7 7 j*®.®- i o ©»*tt. 
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t,©-ctt*<, jib/s^M^^^'^ 1 ^ til 

(m) ktt. «*.tfP3»Ki*5VvCtt, *©Ht«. 
<Wjj*©J6?&fc:*sv^m. *©*B5&ft£» Ht-ffiP^I^ 
v^-CB, *©«ttft£*K*HS-*-a , i>©'?*>*» 
[0 0 2 2] %z LT, Lt#t»^t7??'^S* 
2<0^-r-Y7 7Agp^l 0-hfC, ffifeOtiMl 2,16 
JKWEm/m36»l 4*«trj"T\ fls«/m3B4WHfl51 8 

l^m~7nmgS©, ff$t<«0. 05/.m~5n 

jams©*-?*, Kawft^^--^^* t *f« l!1 **' 11 * 
[0023] fc*s, a»a»sffi«/«3H1** 1 8 

©!«»&*£**» *V*tt*-/<5^*-*» 

B, S£©*, ^Lose^^s-^^^"^** 
y ? mmtne>®&^ 5 ~ 3 0 b 

[00 24] * LT, «ttK 12, 1611 **tJpJV 
^_ f-f y^ CVD, y*^©S*B0&£3M£t-<fc 



JBS*U ^U-C^r^b®1Sl 2, 1 6t4, Wfrh. -« 

ffORlffi 1 8 ©£#©)¥£ t L-Ct*, -«K 10 0».m» 

10 [0 0 2 5]ifc, ff«/«Sfl*tt« 1 8 W8tt 
©EEH/SsSI l 4 Sr#*.aEE«/tti6*mi: 

^fci-SWft, ^^V^-^B^ (PMNI) £ 

=aat#t-r5*flsK (pnn*) * 

tf*k T^*^e J'* Eft- 

20 ©a-atm***^^*. jek, r^^ffi/tsw 
°?>9>* /*y?.^ =.*^x ffift» -ty?^ 

^^^^^ 

a y8» t i: *» b 5 t ^ _ 

-^yy/^ l'9/i'WtRi- v 5 ^ 3 ^KtB-^^ 
50 %. '^=« V»» : 1 0-4 5**%» ^^«« : 3 
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5-5 0^1 ^y^W'^/l'Bfett : 10-4 0* 
i;;i/3y»ft : 1 0-4 5*/v%. ^#^B*» : 
3 0-4 5^%^ W-tt^*^**-*^* 
»: 15-5 0^1 t^v'^^^^/«'- 1 
0-4 0W%, i?/U3^BI»: 10-4 5^/H ^ 

10 0 2 7] ±IB(OiP< Ltt7 5 ~y?m#2{Z. 

ZfrZfrcnm (12, 14, 16) 12, ^iim©io 

j&atomm, *M&a ^sy^s* 

J;?ti£;ft-Ct>&<, * fc^»«>*tSr «5J* fill* 
*5, (12, 16) ©f*¥i£©JP<«ri-J:ot 

A) ?fi*£LTi*, -«5Si:5 0 0t~i 4 0 0tgSo 
salami u< ioo or- 1 4 0 

0 < CcD®B<75S*a 5 *flJt-51ift£ft3<> Hfc* iffi^«>ffi 

m/m&m 1 4 srn&ftys tst-o-i-ii. w# 

*we«»?>. umbb mat) i-^rt^04bv^, ff 
/n&m 1 4o^ffi/5s*^ffl^t-ie^i-^^^ v ' 

[0 0 2 8] irr^-C, A»<©$P#«^©JE«/'SMK 

SgilSfr, Wl^.ti, t7 5 36* 2 
ffiB/«^#»gpi 8gp^o^3g^SrftU»l-"C 
Sffim/'ttSfNKlgB 1 8 ©ffia/S^fil 1 4 i IH 

tti ; i 8 vmm/mmm i 

fNftgB 1 8 ©ffiS/S^S 1 4 ©J^j*itZ«l*Sr#JS:Uo 
MfPf&SBl 8 (Afr#H-l*, 4»fc< tfcTecmffil 2R 

1 o©^^©ta^sr^i"^^*^ffl" BI ^" efo ^ 

^Stfil 0^l^ffl*L»^*^t7 5 
#2&^«>*MiitU J&©^W-lr7 9^tfcl 0©^tc 



[0029] -r^*3*>, a»a»a**Ufc;*?ifc»^ ^14<d 

(a) lc^£ft-CV^£p< , ±yS. y?&fc2{z. 

■f*ttffK95 6 (SSfflfi : H) 

£S-r£*>©3ri«§U ftv^-C, (b) t^S^Siftn 

m 1 6 ft^u*:*, &i£m/m&m 1 4 ©»**fTfc 

5iifc:J:*>* (c) lc^£;ft5£n£, SWt-TSff® 

T, *»*»5JESt/®^S 1 4<Dg6j*t J:oTjSfi$tt5 
jfeftfeffili. 0©*S*i!MaK (3? 

•C*>9 (h<H) , W-CJEm/mSJl 1 4 OT^lR^Bt 

till 4©«as*S6*w»-5tfi i *^*5>* L *' t: ' *© 

iMBS a* ^frf iJ ft -t* * 5 <o -c 5 o 

[0 0 3 0] d^S^SEfeJ-fflv^^S, V-J^y 

(H12W«BI2#JS) ©*»5t« J * ,1 W8**«l 

#Ufc«J, ^flfH-^^r7 9A«8(D^SrlS©Ufc 

^s^ciot, Clefts <fc^>* 

^v-— b(D^Sr®b-&fct), y^r-Tr77^*R8fflyy 
- v^- b©«B»K J: 0 t^-^^w— b 4 

[0 0 3 1] d»*»S-fe9 5 5'^S^2K*3»t5^ 

sttr©?i?w* •• HiLtii. us/maul i 4©^nx 

40 IWWi^t77A«l 0O^m&- h<D5E 

tfJl-IS, ^eO'f'L^fflSS^Tt-fe (m) (Dl~5 5 
%, ff*L<(42~10 %*t*3PUK!Kffl 

ft, lEt/tSIHOMiaot, ^-Y7?AfBJ 
^1 0^F*3*t-MR6i-SJ: 5t-*S^e>-Cfot), 

< jfc >? «tf * t , /E«/«S^»gI5 1 8 OKIb 

50 [0 0 3 2] *»*»5*«fefcS8V^T, *7?y# 
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* mm/mmm 1 4 ©«aa», *fr&Ta5S*i 1 2 ± 
turn.® 1 e ft»jaufc»«»c*sv^-cff«/««« 1 4 

[0 0 3 3] ^©iJ^UtWbixS***^'^* 

*v^5, *9J©«***r**M"* , i>« > ' c * ,0 ' r ' ^ 
( c i 9 * ^ ^ =■ * - ^ *® ^W^^** 1 ^ 

10 0 3 4] i©*»MI^«5JE«/«ffi«a* 
****** 5 fcfco-tv^i:;:**^ *«©*«/ 

#te3fiPBJ»::JBV^fc*t#5 ©"<?*>*• ^ 
[0 0 3 5] H*^ 5ff«/« 

2fc ^©^ +79 A«5ffiC (2 6) ©^t^tULfc* 

*7?<MWflfc (2 6) £®tt«Htb«>5£5^ft^ 
\o 0 3 6] ±5 ■fe9 5?'^SK#2 2»» * 



*5 r©3iafflW?L»3 2©«l«, ^ 

tt Em/msast** 2 0 ©ask* c-rata^a* 
2 8 kkw- e>*i/fc* 1 ^mmmTtw 32** 

*s &^v--h2 8»^UTg^^-C^<^ 
*>5. 3Efc**i. ^©^-^v-hSOK:**** 
g^v- b 2 a *^* MB<DiBB: 
li H*^u-h2 6««*Ja*fcS^*9* r(DllSS 
:/V-b2 6fcriR«3 6©Jia#«**K^*- * 
tu^io-C *?5y**#2 2©rtttfc:r*, **flM 

SJu-CV^©-«?*>S. ft*. :Oi54t7?^i* 
2 2tt, 1»ift*6J:5K:. ^t^^^W- ^ 

fcW* Lfc#. 4 ««5Sa*v^r±, B 7 fc** * 5 ft* 

i h4»±©#Ji*£a^* ifc * we * > * 0 **- H 

71C*3V-C, 4 6, 4 8li« *^^M^25:^igii?L 

30 5r7pi"o _ 
[0 0 3 7] *»i>5-fc?5 5'^S*2 2lcW:. * 

©HflS^-b 2 6©*li±»-*Sf**» «^ 38,: 

4**firtb*VCV^. r©ffi«/«^»95 2 4l^ * 
55^2 2 ©** 3 6 SWttKHtH-r * H*?*''- 
h2 6«», Hp^^f*:7?A*Mfc©*iii-k^ TgCm 
®4 0. JE1/SH4 2 a^±««i4 4S:W»J««fe 

iaotWt^tw^ ****tfcfc©-e*> 

40 *0 0 3 8]*ot. r©*5**95*'»* 22 ® 

(2 6) ±CffI/«S2 4^ 

Xtt. *©ffim/«3BfWH*2 4©mttt-»^''^' » 

jpff^s 8rt©«t^etW^* w, -*^ $ ^ tsro ' c 

*fc. *«Bt©ff«/«M««^^ 

50 fc [0 0?9l i©±5^ *»WK«5ff«/«36BB!! 
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©#«ffl&i^*fiJt-ffiv^;»x#$ ^ t rt, * 5 

[0 0 4 0] 

[HI5&W!] £lTfc« :«&H©ft*Wfc&ilS0!l*:z*U * 

9fc*sivc, sSSIt#©fc*M££<5vvC, 
[004 1] *;6£0!l i 

i35«»ttfc"C» 0. 2mmWKIB^|!B-C-C, 0. 5mm 
XO. 7mm©***©^©*«#, 20 
0. 5mmOftSttt5iao*^*' fi l ,: »' 5 ' C4 * 

14, ^©a^tttoXt^-^?**** 51 ' ¥*SS 

[0 0 4 2] *LT, :Ot?5?^iW>^+ 7 7 
A«B©fl.Bi±©0rJfcW^ fi#<-^h*ffiV^' * 

SfcBUWU 1 2 0ttl 0#IWtt*Lfc*. I 3 50 

^y-^l?MifeK:J:9fWHU l 2 0lCt»2 0#IWft* 
Lfc^, 1 3 0 0'C-effi«/1t«Ji©«6**tT*o" t: > 40 



ft-cv^ww) *»6>Jfff*b»r, i 3 o ot;©taS^ 

*(c2 0Mm (h) ©td^r&tfNirLfcfcfrfcflMK©* 
[004 3]^, l5Utb*lfct7Sy^»# 



[0045] K U-CWb^fc-O©*^ I-oVn-C, # 
4S-* : fo^ + ^9A«B©B*W'" 
[004 6] **S, «.SU^|c*S«tSffi«/«3BiW"«© 

-rat*^ *©H*«ab**w£i-fc. #* ; f- 

©4«©ff«/«SfW»«5«>^««-3 o v©«ffiftBttn 

u * i h^fr©ffi«/^^to <0 ** ac * Sr * 5eu * 

©Jf*«[«r^W«iWf©Wft*i:^fc« * Lt > -frfe* 
fefrfciHJ:^ (^»»«tt»/PHl*tt*) xl0 ° 
(%) |cr£iW/9MttB»S«i*«>ifc (%) Sr^WL 

A «S©t*f*iEft^MHI (raswi^ff 

SJvCV-'Sflil) a»e>o. 2mm@<Off?-(-J;or}fiE 
U ^©®c«fiS:*»fe. 
[0 0 4 7] 
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10 0% 


400kHz 


1 5 0 g 


0. 2 5 itm 




5 0% 


250kHz 


3 0 g 


0. 18 (im 
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[0 0 4 8] «*5SlfflSfe*^5l5>Kii?t, * 
[0 0 4 9] 3US0!I 2 

3-e/w%-f ^ b y r«^S^bi?/V'= i -r»* = 8 ofi 

*% r A- 5 : 2 0 i *» b * * x 

#0. 4 M m<D-fe7 5?'^?S^«&*^ffl''^ Wtfcfcfto 

?y-*W*U F^-^v-K 
jfefc-C, «B*«©J?**S2 0 0 Mmi*5<fc 5K> 

[00 50] 0 • 3 k m<D 3 ^%>f 

£faRLfc&> y^<— ^p— ^^*(-'C^^ <D 

[0 0 5 1] -hlB©*K UTWfeftfc'*-*?' 

+ 7? jKHUfUfV 100 kg 

/cm 2 OffATS. 8 0tXl»©*tti^iJ£**b 



* [0 0 5 2) ftv^ r<B#P>ftfc-fc?5 5^£#&ffl 

AgC©?Stb4te, ^2 0/xm (= 

h) fcfcofc. n©*y*S*b;fcff«/«S*0> 

[0 0 5 3] i©J:5l!iU-C»fe^fcffim/«Siia!* 
^(coVvT, |g«fiJlklil«&L-C^»ill/*tt»»* 

20 tt*. B*s»»Rt«i«»m*a3eufct-*» 
w i ic*3tt assist waKcfth/fctt** 1 *^^. 
[oo5 4] mnm 3 

?fj»««M--fe 9 5 V 9 Wkl>94 ^ 7 9 Agq £ff EE* U 
jjl^-H;, Z;<D?4 ^yy^Ui^A 0 ym©il$ (=h) 

30 [oo55]K ^xmhfMtsm/n^mm^^ 
*. Bttsvift. u TSa 

*ne>ow«»*«>#Jt*>e>t>we>*»4*i<» * 
7 5 y 9 mm&y* +7 9 A«5©i&*«r 8 % t 1-3 =. t 

40 

* [0 0 5 6] 
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8% 


10 0% 


600kHz 


2 0 0 g 


0. 16 lira 




4% 


100% 


400kHz 


1 5 0 g 


0.2 5 nm 



: (h/m) X 1 0 

[00 5 7] * 

* 1 7 7 Aaw* 1 e> jsc*tt si* 

WIJ«^B*«*** 5 »*W^** ?>L ' ,{>fo * 1 *" C ' * 

[0 0 5 8] *fc, ^fH-t^ff®/®^!^^ 

[ei i ] *&mm o mm/mmmM.m^<D&*wm * 30 
mi) 



0 (%) 

[H2] Hii-s^^sffiit/msiiai^^iWiiiRH 
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